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CM FOREWORD

This document is a Landsat Data Continuity Mission (LDCM) Project Configuration
Management (CM)-controlled document. Changes to this document require prior
approval of the applicable Configuration Control Board (CCB) Chairperson or designee.
Proposed changes shall be submitted to the LDCM CM Office (CMO), along with
supportive material justifying the proposed change. Changes to this document w111 be
made by complete revision. #
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LDCM Configuration Management Office
Mail Stop 427

Goddard Space Flight Center
Greenbelt, Maryland 20771
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Introduction

The Landsat Data Continuity Mission (LDCM) is the successor mission to Landsat 7. Landsat
satellites have continuously acquired multi-spectral images of the global land surface since the
launch of Landsat 1 in 1972. The Landsat data archive constitutes the longest record of the land
surface as viewed from space. The LDCM mission objective is to extend the ability to detect and

made causes of change can be detected and differentiated.

Scope

This Statement of Work (SOW) defines the minimum effort required of the Contractor that shall
include but is not limited to the design, engineering analyg
evaluation, delivery, and support for the LDCM primary affd
Elements (MOE). ‘

p MiSSion Operations

The primary functions of the MOE include cq and and control, Mission planning and
scheduling, trending and analysis, flight dyna ry:health and safety monitoring, on-
board storage management and flight software #The MOE will be delivered to a
Mission Operations Center (MOC) at a Goveriif izet provided facility at the NASA Goddard
Space Flight Center in Greenbelt, Maryland. Tkg'backup MOE will be delivered to a

Government provided MOC Facility at the U. eological Survey (USGS) Center for

in a backii durmg the Launch and Early Orbit, observatory check out, and commissmning
phases. Fol fcommissioning and successful acceptance of the LDCM, the primary MOC
role will transigion to the USGS EROS MOC, where mission operations will be performed
through decommissioning. At this time the GSFC MOC will serve in a backup role until such
time that a permanent backup MOC at a TBD location can be stood up. All MOC transitions are
targeted to be complete no later than one year following LDCM launch. The Government is
responsible for all MOC transition activities.

This Statement of Work requires delivery of the Mission Operations Elements and backup
Mission Operations Element to the GSFC MOC and EROS MOC, respectively, which shall meet
the requirements of the LDCM Mission Operations Element Requirements Document (MOE-
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RD). It also includes instantiations of the MOE delivered to a spacecraft/observatory integration
and test facility at a TBD location and to an instrument development and test facility in Boulder,
CO. This Statement of Work also requires installation of the MOE in the Government Mission
Operations Center (MOC) and installation of the backup MOE in the EROS MOC. Unless
otherwise specified, all references to the MOE in this SOW shall apply equally to the backup
MOE. This SOW does not include deliveries, installation, integration and testing activities
associated with the TBD-location MOC that will be used as a backup following observatory
commissioning. ;

This Statement of Work requires delivery of all contract deliverables associa ‘d with the MOE

development. The MOE shall meet the requirements of all contractual dg_c"

Provisional acceptance of the MOE shall take place prior to the launck:of the L following
the verification of all requirements, successful completion of all M#BE testing, and thi'Successtul
completlon of the LDCM Operatlons Readiness Review. Flnal acceptance of the MOE shall take

verification of the post-launch MOE delivery/release. .
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Definitions

The following definitions apply to this document:

Shall — Compliance by the Contractor is mandatory. Any deviations from these contractually
imposed mandatory requirements require the approval of the Contracting Officer.

May — At the discretion of the Contractor or Government.

Will — Designates the intent of the Government. Unless requlred by £
noncompliance with the will requirements does not require apprové :of the co
and does not require documented technical substantiation. '

] act pr0V1510ns

Engineering Peer Review (EPR) — a meeting with pproxmmtely 2 to 5 Government
representatives to discuss specific details of a given subsysighi.design or performance, subsystem
test results, mode performance, etc. EPRs typically take p Fagiat the contractor’s facility and
take a day. EPRs are the principal means to familiarize reviewtiis m-fnembers prior to a major
design review. EPR actions are informally tracked by the EPR or'gf_, izer.

Technical Interchange Meeting (TIM) — a ¥ gt pprox1mately 5 to 10 Government
representatives to discuss a system process or featufe Forexample, to reach understanding of an
operatlon or analys1s presentatlon of test resu],ts “discuss planned 1nterface changes, plan for an
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Applicable Documents

The documents listed in this section apply directly to the performance of the LDCM Mission
Operations Element (MOE) Contract. These documents establish detailed specifications,
requirements, and interface information necessary for the performance of the contract. Unless
otherwise specified the document version listed herein shall apply. In case of conﬂicting

a.

09-03.

Criteria for Flight Project Critical Milestone Reviews.* STD-1001, February 2005

NPR 2810.1, Security of Information Technology

National Security Agency (NSA) / Ce : :rf;\’/ice (CSS) Policy Manual No. 3-

16 Issued 5 August, 2005

NPR 7150.2, NASA Software Enginee g Requirements

Committee on Natighal S urity Systems (CNNS) Policy No. 12

NASA PolicyDi
Programs

80102, Use of the ST (Metric) System of Measurement in NASA

@nager}}ﬁfht' 'Review and Reporting for Programs and Projects
; ',egrated Independent Reviews

i .lgederal Acquisition Regulation Supplement

NPR 89@04, Risk Management Procedural Requirements

NPR é715.3, NASA Safety Manual

GPR 7120.4, Risk Management
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Reference Documents

a. LDCM Operations Concept, 427-02-02

b. Landsat Worldwide Reference System-2 (WRS-2) Definition, January 4, 2007, 427-02-
07.
c. NASA NPR 7120.5D NASA Space Flight Program and Pr E;Management

0jett
Requirements :
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Work to be Performed

This section, along with the Contract Data Requirements List (CDRL) document 427-09-01,
describes the specific work to be accomplished by the MOE Contractor. In accordance with the
requirements of this document, the contract, all associated requirements documents, and the
other attachments and applicable documents to this contract, the Contractor shall provide the
personnel materlals equ1pment and facilities necessary for the successful and on-time

demonstrated compliant and reliable end-to-end operation in accordance with
of this contract. The Contractor shall deliver and install a pq_]gnary and backup M
ready for operation. The primary and backup MOE shall .‘ge'ﬁ'deli__yered to and irstalled in the
GSFC MOC and EROS MOC, respectively.

1 Management

1.1 Project Management

The Contractor shall maintain a project office ¥p méinage the technical activities and resources of
the MOE project. The Contractor shall appgint a dedicated Project Manager to direct and
manage the MOE project. The Contractor’s Py ‘ect Manager shall have responsibility for the
overall technical performagi gsource maf., gement, and schedule management of the
contractual effort and all subcontr ts The Centractor s designated PI‘Q] ect Manager shall report

0) ect Management shall be until post-launch final acceptance
fter final acceptance of the MOE shall be as specified within

i“shall open to Government attendance all Contractor and subcontractor internal
data, reviews, audits, meetings and other activities within the scope of the contract. For access
and insight activity, “Government” includes Government personnel and Government contractor
personnel. The Contractor shall allow and enable the use of Non-Disclosure Agreements with
Government contractors where appropriate. The Contractor shall notify the Contracting Officer
and the Contracting Officer’s Technical Representative (COTR) of meetings, reviews or tests in
sufficient time (nominally at least 10 working days for major reviews and formal tests) to permit
meaningful Government participation.
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Government Visitor Support

The Contractor shall provide facilities to support two visiting Government representatives at the
MOE development site, including office space telephones, and network access to the
Contractor’s electronic database, from contract award through MOE integration to the GSFC
MOC and EROS MOC facilities and LDCM Ground System. The Contractor shall provide
within this office space high-speed (broadband) internet access and access to an ISP (Internet
Service Provider) outside the Contractor’s facility to allow for access to the GSFC and USGS

LDCM Flight Operations Team members.

Access to Controlled Facilities ;
work required
for the Contractor to access Government controlled facilitieg; guch as,the Mission Operations

Center. The Contractor shall allow access by the Govern & nt to al Contractor facilities used by
MOE. i 2

Risk Management

The Contractor shall establish and maintain ensive ri:sk"rnanagement program. The
Contractor shall generate a top risk report that; reviewed at all Monthly Project
Status Reviews (MPSRs). The Contractor shal previde ar’estimate of the potential cost impact
if risks were to become real problems. The Coniractor shall invite the Government to attend
Contractor Risk Management Board meetings. T ¢.Contractor shall develop and implement a
project-specific Risk Managg lan (RMP), 3 accordance with CDRL PM-12, as a means to
anticipate, mitigate and gittrol ris and to foem project resources to ensure success of the
project.

erforma ince, schedule, and budget risks before they become problems.
fiand prioritize all identified risks.
sfement risk mitigation strategies, actions, and tasks and assign

anomahes

e. Control risks by performing: risk close-out, re-planning, contingency planning, or
continued tracking and execution of the current plan.

f. Communicate and document (via the risk recording, reporting, and monitoring system)
risk information to ensure it is conveyed between all levels of the project.

g. Report on outstanding risk items at all management and design reviews.

The GSFC Project Office and the MOE Contractor will agree on what level of detail is
appropriate for each review.
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The Contractor shall document the project-specific implementation of the CRM process in a
RMP in accordance with CDRL PM-12. Preparation of the RMP is a requirement established by
NPR 7120.5 and includes the content shown in NPR 8000.4, “Risk Management Procedural
Requirements.”

The Contractor shall document and report all identified risks in accordance with the project’s
RMP. The Contractor shall address identified risk areas at project status reviews and at
Integrated Independent Reviews (GPR 8700 4) The Contractor shall make risk status available

appropriate mission reviews.

The Contractor shall maintain a Risk List throughout the project life CY

programmatic impacts. The list should indicate which risks have the highest prof)
have the highest consequences, and which risks represent the grea.wst risk to missioH
The list should also identify actions being taken to address each spec1ﬁc risk. The Contractor
shall maintain the Risk List under configuration control.

For each primary risk (those having both high probabilit

i hig}f'impéct/ severity), the
Contractor shall prepare and maintain the following in the risk:

igtions of the Project Plans:

* Description of the risk, including primary causes and con i itdrs, current mitigation

strategy, and information collected fo. king purposes.

* Primary consequences should the un

* Estimate of the probability of occurren ﬁhalitati:\/e or quantitative) together with the
uncertainty of the estimate and the effeciiveness of any implemented risk mitigation
measures.

the G# 15C LDCM Project Ofﬁce) that all reasonable mitigation
st, schedule, and technical constraints) have been instituted.

the c{mcurren-
Opﬁons (withi

Software Management

The Contractef shall document in the Software Development and Management Plan (SDMP)
document, in accordance with CDRL MO-9, the software management approaches and processes
for software analysis, design, development, documentation, version control, test, validation, risk

management, metric collection, and assurance of all software products. The Contractor shall
adhere to the SDMP.
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Reviews and Meetings

The reviews listed in this section shall not be considered a comprehensive set of reviews for the
Contractor’s program. Additional reviews that the Contractor deems necessary to successfully
execute the program may be conducted at the Contractor’s discretion. The Contractor shall
notify the Government at least 10 working days in advance of lower level Contractor subsystem
reviews to allow the Government time to attend the review as part of its insight activities.

A. Milestone Reviews

All milestone reviews will be convened and review boards appointe
Government. The Contractor shall demonstrate compliance with the rg¥13%:5i
GSFC-STD-1001, Criteria for Project Flight Critical Milestone Remews g llcable to the
MOE. The Contractor shall respond as required to action items ass;gned by the Gosietathent. The
Contractor shall work with the Government project and reyi€w team an additidhal _-1 day
following all reviews to discuss and address issues raised aﬁd actigns assigned at the reviews.
The Government will convene a delta review if the succgs crltena For a review are not met to
the Government’s satisfaction. The Contractor shall pf and present their portion of these
reviews, as appropriate.

d chaired by the
laccess criteria of

A.1 MOE Reviews

The Contractor shall host, prepare and prese
and provide a review packages in accordance ,:

Level independent milestone reviews
{CDRLs:

* MOE System Requirements Review (M RR) CDRL RE-1
* MOE Prehmmary D651g Rev1ew (M- PIDR) CDRL RE-2

>OE review requires one day to complete. For planning

purposes the Contractor sha me the following dates for these reviews:

Dite
June 2008
August 2008
November 2008
August 2009

MOE Review: will be less formal than Ground System, Mission, Spacecraft, and Instrument
independent reviews, and will be working-level in nature. The Contractor shall coordinate the
review agenda and content with the Government. The Contractor shall respond to action items
as requested by the Government. The Government will convene a delta review if the success
criteria for a review are not met to the Government’s satisfaction. The Contractor shall host
these delta reviews, and prepare and present these reviews. For proposal purposes, the
Contractor shall assume one delta review will be required during the contract duration.

A.2 Ground System Reviews
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The Contractor shall prepare and present the Mission Operations Element (MOE) portion of the
Ground System Reviews in accordance with the CDRL RE-6:

* Ground System Preliminary Design Review (GS-PDR)

¢ Ground System Critical Design Review (GS-CDR)

The Government will host and will also present material at Ground System reviews. The
Contractor shall support and attend the Ground System reviews planned to be held at the USGS
EROS Facﬂlty in Sloux Falls SD. The Contractor shall support and attend Ground System

complete.

A.3 LDCM Mission Level Reviews

The Contractor shall participate in and support the Gove
Mission Level independent milestone reviews:

£ ibrep;ration for the following

* Mission Preliminary Design Review (Mlssmn PDR)
* Mission Critical Design Review (Misigms
¢ System Integration Review (SIR).

,___ftractor shall assume that the Mission Level reviews will take four days
runs will tai{e two days. The Contractor shall assume that Mission-level reviews
ill occur at the NASA Goddard Space Flight Center.

- Safety and Mission Success Review (SMSR)
- Flight Readiness Review (FRR)

- Launch Readiness review (LRR)

- Post-Launch Assessment Review (PLAR)

- Critical Event Readiness Review (CERR)

10
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It is expected that these additional reviews require a lesser degree of preparation and
participation by the MOE contractor than the other Mission-Level Reviews.

A.4 Instrument Milestone Reviews

The Contractor shall attend and support the LDCM instrument contractor(s) in preparation for
the following instrument reviews:

¢ OLI Instrument Critical Design Review (ICDR)

The Contractor shall present MOE information and other material as apprépiite. The Contractor
shall assume two days of attendance at each review at the instrument Qentractot“ 3

A.5 Spacecraft Reviews

The Contractor shall attend and support the Govemment i :r;eparqit:.i%ﬁafor the following

spacecraft reviews:

* Spacecraft Preliminary Design Review (SPDR)
* Spacecraft Critical Design Review (SCDR)

The Contractor shall assume three days of at ' fcecraft contractor’s facility for

each review.

A.6 Ground System Element:Rgviews

The Contractor shall partl péte 1r1 nd support the Government at the following Ground System
Element reviews:

«  Collection and Acti lanning Element Critical Design Review

B. Enginee";l g"Peer Reviews (EPR)

The Contractor shall define and implement a set of Engineering Peer Reviews (EPRs) for the
subsystems of the Mission Operations Element commensurate with the scope, complexity and

acceptable risk of the product. The Contractor shall submit the Peer Review Plan in accordance
with CDRL PM-5.

The Contractor shall chair and host EPRs at the Contractor’s facilities with Government
participation on the review panels. The Contractor shall document EPRs in accordance with

11
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CDRL RE-7, Engineering Peer Review Data Packages. The Contractor shall systematically and
comprehensively peer review the product at the individual subsystem level and lower levels, as
appropriate. Subsystem and software design reviews are considered to be EPRs and subject to
this procedure. The Contractor shall conduct multiple peer reviews, as appropriate, over the
lifecycle of each subsystem and component, with content consistent with the evolving design and
development. Applicable peer reviews shall be completed prior to and summarized at the
corresponding MOE review (e.g. M-CDR). As a minimum, the Contractor shall complete an
appropriate set of subsystem or lower-level peer reviews for customized portions of the MOE

prior to MOE PDR and again pI‘lOI‘ to MOE CDR Successful completion of the;'s'e' réviews and

entry criteria in the formal review process.

The Contractor shall also use EPRs for the focused evaluation of concépts, desigt ;
processes associated with combinations of subsystems and system Hanctions that ¢
subsystem or discipline boundaries. i#

As a minimum, but not limited to, EPRs shall be conducte

e Planning and Scheduling, including the interface to CA’ 2
* Landsat Ground Network Element (GNE) interface
* MOE automation and availability deszgn.& implementatiod”

*  MOE and bMOE Installation within ©¢:.and EROS MOC
*  MOE-Spacecraft/Observatory testing

The Contractor shall track action items from E
documentation for the duration efthe contract.

s and maintain EPR presentation and closure

al commumcatlons the Contractor shall part1c1pate in a scheduled
DCM:Project Office to communicate status, 1ssues and schedule

weekly telecon with t
fand plans of

technicalfle
schedule for €3¢

nagers The Contractor shall provide detailed status, description of issues, and
‘major element of the contract.

C.2 Monthl_); Project Status Reviews

The Contractor shall communicate the status of the MOE technical effort, schedule, and resource
condition to the LDCM Project on a monthly basis. The Contractor shall develop and deliver a
monthly project status review package, in accordance with CDRL PM-1. The monthly project
status review package shall include Integrated Master Schedules (IMS) prepared in accordance
with CDRL PM-2. The Contractor shall participate in -1 day face-to-face monthly project
status reviews alternating between the Contractor's site and a Government site. The Contractor

12
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shall assume the Government site for MPSR meetings is NASA’s Goddard Space Flight Center.
The Contractor shall participate in splinter meetings with the Government for one additional _ -
1 day immediately following each monthly project status review. Following the completion of
MOE and bMOE installation and checkout at the GSFC MOC and EROS MOC, and upon
mutual agreement between the Contractor and the Government, the MPSRs may be conducted
via telecon and Internet.

C.3 Technical Interchange Meetings and Working Groups

Operations, IT Security, Communications Security (CO» i ; 'd Space -to-Ground Interface
The Contractor shall assume for planning purposes participatig up to six working groups,
each requiring support equivalent to 2 person-days per month. B o

C.4 Status and Planning Meetings

The Contractor shall notify and allow the Gov: % Contractor status and planning

meetings, including daily stand-ups and tag-u

C.5 Kickoff Meeting

The Contractor shall present fqz
Contract requirements. Thé agen
the Government prior t
updated to reflect any'ehan
Kickoff Meeting shall occu;
award. The C ;

iiew the plan§ischedules, and activities required to meet the
iand informadtion to be presented shall be coordinated with
1he; _andgw:lﬂ largely be based on the Contractor’s proposal,
Sthce the offer submission, including any directed changes. The
the Contractor’s facility 1 week following the MOE contract

hall develop and deliver the Hardware and Software Configuration Management
€ ¥'with CDRL PM-10. The Contractor shall notify the Government of CCB
meetings and ai ow Government participation at all CCB meetings. The Contractor shall
maintain conﬁguratlon of all MOE deliveries/releases and all other deliverable items throughout
all phases of development and test and until final acceptance of the MOE. The Contractor shall
perform and document configuration verification as sub-systems are incorporated into higher-
level systems and at major Project milestones. The CM system shall have a change classification
and impact assessment process that results in Class 1 and Class 2 Configuration Change
Requests (CCRs) being forwarded to the LDCM Project in accordance with CDRL SE-1. Class

1 changes are defined as changes that impact mission science and performance requirements,

13
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system safety, cost, schedule, single point failures, and external interfaces. All other changes are
considered to be Class 2 changes.

The Contractor shall submit for Government consideration a waiver or deviation for any item
that is found to be non-compliant with the requirements of the contract Statement of Work
(SOW) or the MOE-RD and is not reworked to be compliant, or is not replaced with a compliant
item.

The Contractor shall prepare and provide the following configuration control d.,,

* Configuration Control Board (CCB) status shall be reported at the Mg
Review and in all monthly status packages in accordance with CDRL

* The Configuration Item Identification List (CIIL) and the Computer Soft
Configuration Items (CSCls) in accordance with CDRL V§Eo-8 '

hly Project Status

Action Item Tracking

The Contractor shall develop and apply a process for capturitigind responding to action items
assigned by the review boards, at monthly meetings, technical Trfe harige meetings, and
working group meetings. Milestone reviews, as defined above, aré: ot complete until actions are
complete or a detailed plan for closure is subigitted-and a proved by the Government.

Problem tracking

The Contractor shall develop a closed-loop prob}em trackrng process that includes problem or
discrepancy reporting, problem analysis, and catrective action, and closure. The process shall
include: a protocol to review /B rformance taidétermine the incidence of identical or related
discrepancies, an escalatiog’ proced re (to 1nform higher levels of management and the
Government) based on g ticality: -a;ﬂd a closeout process for root cause determination,
anomaly mitigation, and; . The Contractor shall provide Government access to
the Contractor’s problem process, including the ability to remotely view and submit
problems (discr: #it a recommended priority for action, and review problem
status.

Interiial Technical Memoranda

or shall pfﬁjﬂvide all MOE-relevant technical internal memoranda as requested by
the Govétigkgnt in gécordance with CDRL SE-2, Contractor Generated Internal Technical
InformatiorniEhe correspondence can be informal to preserve timeliness. The Government
shall have accéss to these memoranda on a timely basis via hard copy or the electronic library
described below.

The'Cii

Electronic Access

The Contractor shall provide to the Government and Government contractor personnel, for
review purposes, access via remote desk top computer to a general purpose MOE-specific
electronic library. This library shall contain all completed reports, analyses, requirements
documentation, internal technical memoranda, change requests and documentation, CDRLs, and
all other MOE-specific documents prepared by the Contractor. Within each library the
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Contractor shall maintain an index of the material (updated monthly) and a search engine for
document access. The non-CDRL material contained in these electronic databases may be in
Contractor format. The Contractor shall make the contents of the electronic library remotely
downloadable. The Contractor shall include engineering drawings in this library or provide
some other storage/retrieval arrangement, at their option.

1.3 Resource Management

The Contractor shall establish, implement, and maintain a comprehensive resggitce management
system for planning, authorizing, and controlling the total resources effort fggcach task and for
providing timely and adequate visibility into manpower and schedule pg‘fg i ¢. The system
shall be consistent with the Contractor’s standards. ?

The Contractor shall implement an Earned Value System (EVS): gsThe Contractor sh#ll prov1de
an Earned Value System Management Plan in accordance wigh CDRL PM-6. The’ EVS may be
implemented in accordance with the Contractor’s standa ":'1ans and pe11c1es provided it
includes use of NASA Form 533 reports. The Contractet st pmwde Financial Reports and
Cost Performance Reports to the Government in accordanc&i#gith CDRLs PM-7 and PM-8
and the contractor’s standard policies and procedures. The Coj "etf)r shall report EVM data
at the MPSR. The Contractor shall obtain approval from the Govéfiment prior to changing the
EVM baseline. i

The Contractor shall establish, implement, and itain an 1ntegrated scheduling system
consistent with their corporate procedures and d:ecumented in a PM-11. The Contractor shall
provide and maintain an Integrated Master Schedule in accordance Wlth CDRL PM-2. The

administering the MGE
requirements.
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2 Systems Engineering

2.1 Requirements Management

The Contractor shall perform systems engineering to support all MOE-related activities during
all stages of development. For costing purposes, the duration of Systems Engineering shall be
until post-launch final acceptance. Systems Engineering activities after final acceptance of the
MOE shall be as specified within sections 7.0. :

The systems engineering effort shall include, but is not limited to, require
analyses of technical requirements, functional and performance allocatig# of
requlrements traceablhty, definition and mamtenance of all 1nterfaces, MOE

management,

limited to the followmg specific activities:

a. Providing systems engineering technical direction asg:ny: sight throughout all phases of
the project. ‘ _
b. Leading and supporting all peer reviews, project milestotiiznd status reviews as defined
in section 1.2, and preparing related documentation. '

d. Performing all necessary coordination:‘
MOE to the LDCM observatory, obser

The Contract All conduct complete analyses and simulations in support of technical
requirements ¢ompliance demonstrations to fully establish, define, maintain, and control budget
allocations for all required performance and design parameters.

Tasks include the following as a minimum:

a. Performing requirements management and traceability using a commercial software tool.

b. Flow-down and traceability of MOE-RD requirements to lower-level system and
software requirements, and developing the MOE Lower-Level Systems Requirements
Document (SRD) in accordance with CDRL MO-3
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c. Ensuring that all requirements are forward and backward traceable (“parent/child”
relationship traceable) between system and software requirements and between software
requirements, design, and test

d. Functional and performance allocations and derivations.

e. Maintaining and controlling critical MOE technical performance metrics, margins,
budgets that are reported at the Monthly Status Reviews.

2.2 Interface Definition and Verification

The Contractor shall meet the interface requirements of the LDCM Mission:@perations Element
Requirements Document. The Contractor shall review and develop inputs'te: : \
accordance with CDRL MO-2. The Government will lead ICD develmpment afglinaintain the
ICDS -::,v:'

2.3 Design and Performance Verificatio

The Contractor shall design the MOE system to meet the requit# ents of the Mission Operations
Element Requirements Document. The Contractor shall develop4i ;:dehver the Specification
Tree in accordance with CDRL SE-13. The Contractor shall maing#in and manage MOE
requirements in an electronic format.

The Contractor shall develop and maintain all uecasrsary plans and procedures to verify that the
MOE meets all requirements described in the LECM Mission Operations Element Requirements
Document. The Contractor shall perform MOE_; quirements verification in accordance with
approved plans and procedurggii#ig Contractor §kall also perform and document all analyses of
the data and information fg&m the’ :51gn develOpment testing, and acceptance of the

' 5 ¢ g;_a“re requlred to ensure that the MOE w111 meet its

and for use in inggrface verification.
Performing M@E requirements testing and verification in accordance with the approved
S¥stem Performance Verification Plan, Matrix, and all other test plans and procedures.

afyizingind making available for inspection the required lower-level design

spemﬁcahons in order to meet higher-level performance requirements. All such analyses

shall be identifiable and accessible for Government review.

d. Preparing and maintaining verification test procedures for use at the software, subsystem,
and MOE system level

e. Providing systems engineering support to development of installation procedures and
interface checkout/testing procedures

f. Providing the necessary effort and support systems for MOE analysis during all levels of

testing, interface verification, and during acceptance.
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g. Perform the necessary systems engineering tests and analyses to assure that all
requirements of this contract are accomplished successfully and on time.

h. Conducting test evaluation and test reporting, and providing MOE Verification Reports
compliant with SE-7.

i. Providing a MOE Users Manual in accordance with CDRL MO-15

2.4 Special Studies

The Contractor shall conduct, in addition to the requirements specified
and the contract, additional engineering studies, tests, technical analys¢ €
results, design modifications, and tasks relating to the developmem; implertgss
operation of the MOE, as authorized by the Government and in acéordance
Clause C.2. Each task will be initiated by written direction ﬁ*@m the Governme
contracting officer. The Government will coordinate with the Centractor to define each
task in detail, and establish manpower ceilings, perfo nce schedules and deliverables.
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3 Ground System and Software Assurance

The Contractor shall comply with the LDCM Ground System Mission Assurance Requirements
(MAR).

For all MOE software the Contractor shall demonstrate compliance with the NASA Software

documentation and deliverables. This document prov1des the minimal set of requrrements
established by the Agency for software acquisition, development, marntenamc:e, operations, and

The Contractor shall classify all MOE software t the functronal element / application-level as
belonging to one of the following criticality ¢l S rld_shall define the management
approach of each class in the Software Mana ::m' lopment Plan (SMDP) (CDRL
MO-9): B

(a) Mission Critical
(b) Mission Support
(c) Engineering Analysis
(d) Commercial

(d)1. Commercidt:
shall be assigned a criticalit

ir¢"dcquired for integral use within planned operational elements
yal to that of the element of which it is a part.

These softwar’e Classifigations are defined in the LDCM Acronym List and Lexicon (GSFC 427-

tor shall cl=as51fy all MOE software as belonging to one of the following types of
hall deﬁne the management approach of each class in the Software Development
ﬁt:P'lan (SDMP):

(a) Developed
(b) Reuse
(c) Heritage
(d) Oft-the-Shelf (OTS)

(d)1. OTS software is further defined as Commercial-Off-the-Shelf (COTS), Modified-
Off-the-Shelf (MOTS) software, and Government-Off-the-Shelf (GOTS) software.

These software types are defined in the LDCM Acronym List and Lexicon (GSFC 427-02-06).
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The Contractor shall meet the requirements of NASA Software Engineering Requirements
specified in the NPR 7150.2 when choosing to use OTS software to satisfy all or part of the
software requirements implementation. The details of OTS utilization and management of such
shall be provided in the Contractor’s SDMP.

The Contractor shall ensure that all software documentation and code required for the NASA
Software Independent Verlﬁcatlon and Validation (IV&V) effort is made avallable to NASA

Wherever p0551b1e the Contractor shall permit electronlc access to the requ £
furnish soft copies of requested information to NASA IV&V personn ;

Contractor shall forward their assessment of these findings an_d??r:eco__r:nmendations to’the LDCM
Project Office. The Contractor shall take necessary corrective actiogisbased upon their
assessment and notify the LDCM Project Office of this gétfggtior action. The Contractor shall
also notify the LDCM Project Office of those instances wheréihigy decided not to take corrective
action on specific IV&V findings and recommendations. A Co¥igiigetor.point of contact shall be
assigned and available to NASA IV&V personnel, as required, ft estions, clarification, and
status meetings. &
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4 Mission Operations Element (MOE) Development

The Contractor shall develop, deliver, and install the MOE and the backup MOE in accordance
with the Mission Operations Element Requirements Document (MOE-RD). All references to the
MOE in this SOW apply equally to the back-up MOE unless otherwise speciﬁed The

integrate, and test the MOE.

4.1 Design and Development

The Contractor shall design and develop the MOE, including requrrements and 1nter Ace

The Contractor shall deliver a MOE Design Specrﬁcatlon" d Desgriptron in accordance Wrth
CDRL MO-12.

4.1.1 Telemetry, Comni nd.Control
The Contractor shall develop the MOE Teleméiry, Cemiidizd and Control capabilities in
accordance with the LDCM Mission Operatiorig Efément Kequirements Document (GSFC 427-
09-03).

- amtam the; :DCM Project Database (PDB) in an XML
rymient(s), and MOE command and telemetry

______ quired to operate and maintain the observatory and
at. The Contractor shall provide inputs to the LDCM Project
ient-provided Data Format Control Document (DFCD) and in
2 fie Contractor shall support the Government PDB team in the
If te Contractor’s database is not in an XML format compliant with

The Government will estabhsh
format, which will com‘t_)' e spac

t DatabaSe every 3 months beginning after integration of the spacecraft command
ing system to the spacecraft bus. The Contractor shall also recerve emergency

Contractor-pro’vrded database 1nputs to the LDCM Project Database. The Contractor shall verify
any translations from LDCM Project Database.
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4.1.2 IT and Communication Security

4.1.2.1 IT Security

The Contractor shall comply with NPR 2810.1A, Security of Information Technology (IT) in
development, integration, and testing of the MOE. The Government will review the Contractor’s
implementation of IT security requirements. The Contractor shall coordinate with the
Government in the implementation of IT security requirements.

4.1.2.2 Communication Security (COMSEC)

The Contractor shall comply with all communication security (COMSEC frements related

Policy Manual No. 3-16 Issued, 5 August, 2005. The Contractgr hall develop and m’lplement
the capabilities to perform command encryptlon and authent:' atlon The Contractor shall

The Contractor shall review and provide input %‘the LDC‘M Key Management Plan (CDRL MO-
XX). The Contractor shall possess a COMSEC count as issued by NSA, to support the

equipment.

The Contractor shall partlc ;
COMSEC 1mp1 :
representatlv

n security indoctrination and a splinter meeting on the
ification process, both conducted by Government security

Any
Age

tions or waivggs to the government security requirements or the National Security
SA) requifements shall be approved by the Government.

:¥4.1.3 Planning and Scheduling

The Contractor shall develop the MOE Planning and Scheduling capabilities in accordance with
the LDCM Mission Operations Element Requirements Document (GSFC 427-09-03).

4.1.4 Mission Monitoring and Analysis

The Contractor shall develop the MOE Mission Monitoring and Analysis capabilities in
accordance with the LDCM Mission Operations Element Requirements Document (GSFC 427-
09-03).
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4.1.5 Flight Dynamics

The Contractor shall develop the MOE Flight Dynamics capabilities in accordance with the
LDCM Mission Operations Element Requirements Document (GSFC 427-09-03).

4.1.6 Memory Management .

The Contractor shall develop the MOE Memory Management capabilities in aeeordance with the
LDCM Mission Operations Element Requirements Document (GSFC 427

4.1.7 Automation

The Contractor shall develop the MOE Automation capabilities:#
Mission Operations Element Requirements Document (GSFE¥427-09-03).

4.2 Integrate and Test

The Contractor shall develop and deliver the
CDRL to support MOE element-level testing
a. MOE Test Plans, CDRL MO-4
b. MOE Test Procedures, CDRL MO-5
c. MOE Test Reports, CDRL MO-6

wing items in ac€ordance with the stated

The Contractor shall allow Gﬁ)‘v Hent personn "access to all MOE testing and test planning
meetings, including Contgsictor-le t Readiriess Reviews.

The Contractor shall‘zgeﬁ Apate in informal interface testing between the MOE and other ground

.and u ftest data in the formats defined by MOE Interface Control
'changed (e g. by ema11 or FTP site) between the MOE and other ground

testing is deﬁn:ed to be MOE standalone testing without the actual 1nterfaces to the LDCM
ground system elements, but using a method(s) to simulate the interfaces per the applicable
ICDs. The Contractor shall allow Government personnel access to all MOE application
acceptance testing data and result summaries at least 3 working days prior to each
delivery/release. Test result summaries shall be included in the delivery package.
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4.3 Delivery Support

The Contractor shall provide multiple deliveries/releases of the MOE, with each delivery/release
demonstrating increased functionality leading to the final MOE functionality as defined in the
MOE-RD. The Contractor shall propose a MOE/bMOE release schedule that supports the
milestone capabilities shown in Table 4.3.1, at a minimum. Additional releases/deliveries may
be proposed. The Contractor shall assume the milestone dates for planning purposes.

Table 4.3.1 MOE Delivery Capabilities il

Release Milestone Capability Delnrery Location

MOE-OTS 60 days after | Contractor’s Off-The-Shelf (OTS) | NASA#&SFC and
contract functionality prior to significant S/ERK
award customization or addition of
external interface capabilities (i.e.
a stand alone capability); provid
the Government with basic MOE
functionality including bugiot
limited to basic commatid &3
telemetry functions, to allow
Government FOT to become
familiar with MOE software tools
and use. -

MOE-C&T | Beginning of | Additional fum,tlo NASA/GSFC,

spacecraft developed by til C{)ntractor since | USGS/EROS, Spacecraft
sub-system i vendor 1&T facility,

I&T — March | not limited to MOE command and | Instrument vendor D&T
2009 Fielginetry functigesand the facility

itface to the bus developer S

upport command and telemetry

rocessing with the spacecraft bus

Anstrument, validation of the
itial Project Database, and FOT

“routine operations product
development.

Additional functionality NASA/GSFC
developed by the Contractor since
previous delivery, including but

i not limited to stored command

“| Support with | management, capability to

open produce flight dynamics mission
architecture — | planning products, perform
June 2009 planning & scheduling activities

to support development of FOT
products and operations
procedures, and initial open
architecture capability.
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MOE-GSIT | Ground Complete MOE functionality NASA/GSFC MOC
System including all interfaces and launch
Integration/ | support room functionality;
MOC capability to support ground
Integration — | system integration, including
September integration of the MOE within the
2009 MOC and interface connectivity
testing of MOE interfaces. This
delivery shall support formal
MOC installation and Ground
System integration.
MOE-GRT | Ground Required updates/patches to NASA/GS: & MOC
System previous delivery, as identified USGS/ERO d0C
Readiness during ground system integratiop: Bt
Testing — and interface connectivity testiiig,
November if any; capability to suppor
2009 Ground Readiness Testg:(¢
MOE-MRT | Mission Required updates to prev1ou i NASA/GSFC MOC,
Readiness delivery identified as part of SGS/EROS MOC
Testing — LDCM Ground Readiness
October 2010 | Testing, if anf§gicapability
intended to suppot BiY B
Mission Readiiiess Fésts ( , RTS)
MOE-PMRT | Post-Mission Requlred updatesfpatches to NASA/GSFC MOC,
Readiness previous dehver:y identified as USGS/EROS MOC
Testing — gt of LDCM Mjssion Readiness
March 20115 s, 1 i
MOE-ORR quulred NASA/GSFC MOC,
tches to previous USGS/EROS MOC
livery needed to demonstrate
)M Operations Readiness, if
AR
“Represents required NASA/GSFC MOC,
updates/patches to previous USGS/EROS MOC

delivery identified during the on-
orbit check-out and
commissioning of the LDCM
observatory, if any.

The Contractor shall adhere to the approved MOE release schedule. The Contractor shall
deliver, install, and configure all MOE releases at each of the facilities hosting a MOE system, as
shown in Table 4.3.1. The Contractor shall test and verify that each MOE delivery/release is

complete.

The Contractor shall train the Government on the installation and set-up procedures of the MOE
at each facility. The Contractor shall develop and deliver MOE installation and test procedures
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in accordance with CDRL MO-7, so that Government can perform emergency
patches/installations, regression testing, re-testing and re-installation, if needed. The Contractor
shall maintain each MOE release at each location, providing applicable updates for each
previously-provided release.

Except for the Off-the-Shelf (OTS) delivery (MOE-OTS), the Contractor shall provide the
hardware required to operate the MOE at each of the facilities hosting a version of the MOE as
the facﬂlty becomes available. If the Contractor s OTS delivery cannot be run on.a standard

All MOE deliveries shall consist of the following items:
1) User’s Manual in accordance with CDRL MO-15 y
2) Version Description Document (VDD) in accordance WIth CDRL MO-10 to’include:

a. Installation Instructlons/Procedure in accor_dance Wlt]ﬁlCDRL MO-7.

Source Code (if provided)
Executables

Acceptance Test Results/Reports (CDRL MO- 6)
Matrix of requlrements addressﬁd-by this release

‘mopo o

telephone beginning with thé ﬁr OE release éehvery through final acceptance of the MOE.
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5 Integration, Testing, and Operations Readiness

5.1 Integration and Testing

The Government is responsible for LDCM ground system and mission systems integration The
Contractor shall support Government systems integration planning through partlclpatlon in [&T
and interface working groups. i

The Contractor shall perform the followmg activities in support of the Govg
systems integration testing, including mini-MOE to Observatory Integratiol ¥k
mini-MOE to Instrument Development & Test system, the MOE and bMOE n
integration and test within the GSFC MOC and EROS MOC, resp@ctlvely

a. Review and provide input to the LDCM facility plans‘{MO :

b. Develop MOE Integration and Test procedures (M s 7)

c. Review and provide input to the LDCM systems’
procedures

d. Participate in test readiness reviews (TRRs) approximatekiziang week prior to the
performance of each test that covers the test plan, procedures scripts, and test support
and coordination activities relevant to: icipate in delta TRRs, if needed.

e. Coordinate and allocate MOE vendor i t resources

f. Execute the MOE Integration and Test': p cedures. (MO 7) and provide technical training
to the Ground System Engineers and fag ty System Administrators

g. Collect, process, and document all MOE;supporting data in a post test report

h. Resolve anomalies and HgHEporate lessoms {earned for future integrations.

1 and test plans and

For planning purposes,} ' . hg:_lgl_gga'ssume the following LDCM Integration and Test
Milestone Schedule:+" EEHEEE

Start Date

March 2009

September 2009

November 2009

October 2010

Launch

July 2011

5.1.1 MOE-to-MOC Installation

The Contractor shall provide inputs to the Government MOC Facility Plan in accordance with
CDRL MO-14, MOE Facility Integration Plan. The contractor shall develop MOC facilities
integration plan and procedures in accordance with CDRL MO-14 and CDRL MO-7,
respectively.
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The Government will provide GSFC MOC and EROS MOC facility needs including power,
network connectivity, and system administration support for the MOE-to-GSFC MOC and
bMOE-to-EROS MOC installation.

The Contractor shall perform the installation/setup of the MOE in the GSFC MOC and the
backup MOE in the EROS MOC. The Contractor shall verify that the MOE and bMOE interface
to the GSFC MOC and EROS MOC, respectively and meets the requirements of the MOE-RD.
The Contractor shall verify that the MOE is compliant with all MOE ICDs.

5.1.2 Ground System and Mission Integratig g

and interface connectivity testing. Ground System Integration wﬂi’fnclude the estabj#Shment of
network connectivity between the MOE and other ground system elgments. This will include
tests between the MOE and all of the LDCM Ground System Elemeneis to demonstrate network

connectivity and data flow. Integration and interface ce
from the MOC (and the bMOC). The Government will pro
the MOE/bMOE and all other Ground System Elements.

Testmg shall be performed

Caitractor shall pajficipate in Mission Operations Readiness to include operator training,
readifiéggipxercises, ané launch rehearsals. The Contractor shall support these activities from the

:9.2.1 MOE Training
The Contractbr shall develop a MOE Training Plan in accordance with CDRL MO-13. The
Contractor shall conduct two 3-day sessions to train the Government Flight Operations Team on
the operation of the MOE. The first 3-day session shall be conducted with first delivery of a
customized MOE capability to a Government facility (March 2009; see Table 4.3.1). The
Contractor shall train up to 20 LDCM Team members at the first 3-day session. The second 3-
day session shall be conducted following the installation/setup of the MOE in the GSFC MOC
facility (September 2009; see Table 4.3.1. The Contractor shall train up to 30 (thirty) LDCM
Team participants.
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The Contractor shall conduct additional 1-day training session of Flight Operations Team
members with each MOE updated release delivery. The Contractor shall train up to 20 Flight
Operations Team members at each 1-day session.

For each training session the contractor shall prepare and provide all course materials.

exercises with the Government provided Flight Operations Team to simu,
life on-orbit observatory operations. The exercises will simulate day«m -the-1#g8ec
include exercise of nominal command and control operations, mission‘scheduli te-0f-health
(SOH) monitoring procedures, and anomaly recovery operatlon '

all LDCM Space, Ground, and Flight Operations segment pé 54 f el and resources required to
conduct launch and early orbit (L&EO) activities. The launchféfigarsals will demonstrate
nominal execution of timelines as well as simulated anomaly/contl_ ency response scenarios.
The Contractor shall support the FOT in planiizg:and executlng any MOE related anomalies.

Government flight operations team representafives:w: s test conductors for launch
rehearsals.

For these mission simulation exercises and laun¢h rehearsals, the Contractor shall participate in:

* Pre-activity briefings”
e Post-activity debgiefs and Essons. learied review with participants

Mission simulations':and IF: rehearsals will take place in the GSFC MOC.
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6 Early Orbit Operations and Acceptance

6.1 MOE Early Operations Support
The Contractor shall provide MOE personnel at the GSFC MOC on a round-the-clock basis from
24 hours prior to launch through the completion of early orbit time critical operations of the
LDCM observatory, nominally 7 days following launch. The Contractor shall provide on call
support for any MOE operational problems or anomalies through MOE final acggﬁta:nce.

6.2 Handover and Acceptance

The Government will provisionally accept the MOE following the verifi€atio
requirements, successful completion of all MOE testing, and successfui completi
LDCM Operations Readiness Review.

The Contractor shall partlclpate in and support the MOE pomon of the LDCM On- Orblt
Acceptance Review prior to Government final acceptancgiiét:the M@E in accordance with CDRL
RE-6. The Contractor shall deliver an Acceptance Data Packii in accordance with CDRL SE-
23.

Final acceptance of the MOE will occur folloaving successful Verlf Cation of the post-launch
MOE release as defined in Section 4.3 and th&i€ Gtors. suceessful completion of the On-
Orbit Acceptance Review. At the time of MOE final#ac¢cépfance the Contractor shall transfer all
MOE software licenses to the Government. — #, s
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7 Engineering Support

The Contractor shall provide engineering support as defined below after final post-launch
acceptance of the MOE:

7.1 Nominal Operations

The Contractor shall provide the following services after Government ace through the

period of performance of the contract:

1. Maintain the MOE system in order to meet contract requlraments Any mai ance-
related deliveries shall comply with the delivery process’ ‘described in sectior 4.3,
2. Make available to the Government any MOE software upgrad  or updates
Provide on-call technical support for the MOE sys
4. Prior to the end of the contract period, provide any
been provided in a precious release or deliverable. p
5. Prior to the end of the contract period, train the Governmégi#id Government-defined
contractor support staff on maintenangg of MOE non-Off- Tfle Shelf software in
preparation for transition of MOE soft atenance+to the Government, including in
the use and maintenance of any uniqué twiie development tools environments.
6. Prior to the end of the contract period, deliyér to, iriStall in, and check out the
performance of any unique MOE softwé#e development tools/environments in the
Government MOC facili :

(98]

E"§0urce code that has not already

initiated by ertten. di
coordingfe with the C

1. Suppo MOE operations as required. This support shall include but is not limited to
supplying technical expertise to perform analyses, to review data, or to review changes to
documentation.

2. Investigate anomalies of the Mission Operations Element and provide recommendations
for resolution.

a. For non-critical anomalies, the Contractor shall acknowledge notification of the
anomaly and provide an initial action plan within 48 hours of notification by the

Government. A non-critical anomaly is one where degradation or failure does not
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impair mission performance in a manner that could jeopardize the health and
safety of the LDCM observatory.

b. For critical anomalies, the Contractor shall acknowledge notification of the
anomaly and provide an initial action plan within 8 hours of notification by the
Government. A critical anomaly is one where degradation or failure could
jeopardize the health and safety of the LDCM observatory.

3. Provide updates to MOE software to provide new or improved capabilities requested by
the Government, including technical documentation, installation procedurgs, validation
procedures and back-out procedures e

4. Support the transition of primary mission operations from NASA GS§
MD to the USGS Center for EROS in Sioux Falls, SD. A

5. Support the standup of a permanent backup MOC at a TBD loggtion.

in Greenbelt,

8 Optional Extended Support

If the Government exercises the optional one-year exters ahi-orbit support in accordance
with the Contract, the Contractor shall perform the followmg g the option period. For

costing purposes, the Contractor shall include in this section all tagk: ;performed in the Optional
Extended period. '

8.1 Nominal Operations

Govefp'fllent MOC facility.

In this context, “maintain” means: keep the operational system operating, replace software and
hardware to meet MOE availability requirements, perform configuration control and
configuration management documentation.

8.2 Task Support

Y



LDCM MOE SOW 427-09-01

The Contractor shall perform tasks relating to the continued operational support of the LDCM
MOE, as authorized by the Government and in accordance with the Contract. Each task will be
initiated by written direction from the Government contracting officer. The Government will
coordinate with the Contractor to define each task in detail, and establish manpower ceilings,
performance schedules, and deliverables.

These Government-initiated tasks will include the following:

1.

2.

3.

Support MOE operations as required. This support shall include but i is net hmlted to
supplying technical expertise to perform analyses, to review data, or  review changes to
documentation.
Investigate anomalies of the Mission Operations Element and prOVl €Hg
for resolution.

a. For non-critical anomalies, the Contractor shall aal(n(awledge notifi
anomaly and provide an initial action plan Wlthm 48 hours of notificdtion by the
Government. A non-critical anomaly is one;gwhere d@gradatlon or failure does not
impair mission performance in a manner k éguldicopardize the health and
safety of the LDCM observatory.

b. For critical anomalies, the Contractor shall ackni hifedocmotification of the
anomaly and provide an initial action plan within 8gtrs of notification by the
Government. A critical anomily:is.one where degradation or failure could
jeopardize the health and safets 6F g EREM:ebservatory.

Provide updates to MOE software to pf{)Vlde; ew otiimproved capabilities requested by
the Government, including technical dc rnentatlon installation procedures, validation
procedures and back-out procedure.

"mmendations
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